Six experiments were conducted to investigate the nature of the contents of object files, temporary representations that store information about objects. Experiment 1 used a lexical priming paradigm with a lexical decision task, in which the prime and target could appear in either the same or different locations. The results indicated a greater priming effect when the prime and target appeared in the same location than when they appeared in different locations (object-or location-specific priming). Experiment 2 replicated these findings for objects that changed position during the display. Experiment 3 demonstrated that these findings reflected the inclusion of abstract identity information, rather than physical form, in object files. Three additional experiments tested for the presence of three types of semantic information (related concepts, semantic features, and category membership) in object files. No object-specific priming effects were found. Taken together, these experiments suggest that an object file includes identity information, but not semantic information. Implications of the results for object file theory are discussed.
Our visual world is filled with objects that constantly change their position or appearance. The size, shape, and position of an object on the retina change every time the object moves or we move our eyes. Yet despite these constant stimulus changes, objects in motion maintain continuity; likewise, objects are seen as continuous when viewed across saccades, even though much of their appearance may change. How is it that the visual system is able to preserve the continuity of objects? Why don't we see a rotated object as completely novel, rather than as an alternate view of a previous object?
These issues are particularly important in light of recent evidence that suggests a special role for objects in perception. For example, several researchers have suggested that visual attention can be distributed to individual objects within a scene, regardless of the spatial characteristics of the object. For example, Kramer and Jacobson (1991) provide evidence that objectness can override spatial proximity. In their experiments, flankers interfered more when they appeared within the same object as did the target than when they appeared in a different object, despite the fact that the flanker-target separation was held constant. In another important experiment, Duncan (1984) presented subjects with stimuli consisting of a slanted line superimposed on a rectangle; the subjects were required to make a judgment about two dimensions of one of the objects, or about one dimension of each object. Subjects responded more quickly when making the judgments about a single object, suggesting that they were able to attend to one object and ignore the superimposed object in the display. Finally, Baylis and Driver (1993; Baylis, 1994) have demonstrated that subjects are able to judge the relative positions of two apices better when they are part of the same object than when they are a part of different objects. These experiments all provide support for the notion that objects play an important role in scene perception.
The relative importance of objects in visual processing underscores the need for a mechanism that maintains information about objects. At present, it is unclear how the visual system preserves object continuity despite stimulus changes. One possible explanation, known as object file theory, has recently been proposed by Treisman and her colleagues (Kahneman & Treisman, 1984; Kahneman, Treisman, & Gibbs, 1992; Treisman, 1988 Treisman, , 1992 . According to this theory, when attention is directed to an object in the visual field, a temporary representation of that object (an object file) is created. This file gathers and maintains information about the object it represents. When the object changes in some way, it is compared with the contents of the previous object file; if it is similar, the object is seen as continuous. If it is much different, the existing object file is discarded, and a new one is created to represent the new object. In this case, there is no sense of object continuity; rather, the object is seen as distinct from previous objects.
According to Kahneman et al. (1992) , the process of object file creation and review consists of several stages. When a visual scene is initially encountered, elements within the scene are parsed into distinct objects. Parsing may be based on grouping principles such as the similarity or proximity of scene elements. There is much evidence to suggest that the segregation of objects in a scene occurs without focal attention (see, e.g., Treisman & Gelade, 1980; Wolfe, 1992) . According to Treisman (1988) , this stage involves establishing a set of "feature maps" that code perceptual features such as color or orientation, as well as a master map of locations within the scene. The location map indicates the locations of feature boundaries within the scene but does not contain information about which features are present at those locations. Separate feature maps specify the features that are present at each location within the display. When attention is directed to a position within the master location map, all the features at that location are automatically activated. These features are combined, or integrated, to form distinct objects, which are then represented by object files. The object files at this time might include the information that was contained in the feature maps, such as color, shape, and orientation. The file does not contain location information; rather, spatial location is used to address the file. After the file has been created, additional information may be added. The contents of the object file may be compared with a recognition network, which contains descriptions of objects, along with their identities. If the identity of the object can be determined, then it is added to the object file.
On this account, object continuity is maintained through a process that consists of three operations: correspondence, reviewing, and impletion. When a change occurs in the scene, correspondence operations determine whether a new object has appeared, or whether a previous object has changed position. This determination is based on low-frequency spatiotemporal information; features such as shape, color, or identity are irrelevant to the correspondence problem (Kahneman et al., 1992) . If no correspondence is found between successive scenes, the object at the new location is seen as novel. If there is correspondence, it is seen as a previously viewed object in a new location. At this point, a reviewing operation retrieves the contents of the previous file for that object and compares it with the characteristics of the object in the current scene. If there is a match, object continuity holds. If the appearance of the object in the current scene is inconsistent with the previous object file contents, however, the object file must either be modified, or discarded and replaced with a new object file. Both of these processes require time; hence, identification of the new object is slowed. Finally, impletion operations establish a link between previous and current object files by creating the appearance of change or motion in the scene. Kahneman et al. (1992) studied object file effects using a letter identification task. In one experiment, subjects viewed an initial display consisting of two frames, one centered above fixation and the other centered below fixation. A letter was presented within each frame; then both letters were removed, and the frames moved to new positions within the display. One frame moved to the left of fixation, and the other moved to the right of fixation. A single target letter was presented in one of the two frames, and the subjects' task was to name the target letter.
There were three possible relationships between the target and preview letters. In the same-object (SO) condition, the target letter was the same as the preview letter that had been presented within the same frame. In the differentobject (DO) condition, the target letter was the same as the preview letter that had been presented in the other frame. In the no-match (NM) condition, the target letter was different from either preview letter. The authors were interested in the effects of these different preview conditions. They distinguished between two different types of preview effects. Nonspecific preview effects are defined as the difference in response time (RT) between the DO and NM conditions. This effect represents the benefit (or cost) derived from previewing the target letter. If previewing a letter activates the long-term representation of that letter, then identification of the target letter should be facilitated in the SO and DO conditions, relative to the NM condition. The other possible preview effects are object specific. Object-specific effects are the benefits (or costs) derived from previewing a letter within the same frame, or object, in both displays. These effects are defined as the RT difference between the SO and DO conditions. According to object file theory, when a correspondence is found between successive displays, a reviewing procedure compares current objects with the contents of previous object files. When there is a match, as there is in the SO condition, object identification is facilitated. When there is not a match, as in the DO condition, object identification is slowed. Kahneman et al. (1992) reported significant objectspecific preview effects for the experiment described above. Naming latencies were longer when the target letter was a repetition of the preview letter from the opposite frame (DO) than when it was a repetition of the preview letter in the same frame (SO). This result lends support to object file theory, and it suggests that object identity may be included in an object file. Kahneman et al. also reported nonspecific preview benefits in many of their experiments, although these effects were generally weaker than object-specific effects.
Other researchers have used this basic procedure to argue for the exclusion of certain object characteristics from object files. For example, Henderson (1994) changed the type font of a single letter between successive displays and found that the change did not eliminate object-specific effects. This suggests that information about exact physical form may not be included in an object file.
What information, then, is included in an object file? Current evidence suggests that object files include some perceptual features and also include object identity, if that is known (Henderson, 1994; Henderson & Anes, 1994; Kahneman et al., 1992) . Kahneman et al. (1992) have suggested that object files contain "all the information that defines and describes a particular perceived object" (p. 215), including semantic information and information about appropriate responses. Why, then, is type font not included in an object file? The answer may be that type font can be included in an object file, but it is not in-cluded if it is not a defining characteristic of the object. Object identity, on the other hand, is clearly an essential part of any object; as a result, it is typically included in an object file. Kahneman et al. (1992) used letters as stimuli. However, one needs to use more complex stimuli in order to test for the presence of a range of information in object files. In the present study, we first attempted to replicate their results-that identity information is stored in object files-using words as stimuli. We then conducted additional experiments to determine whether semantic information is also stored in object files.
THE PRESENT STUDY
Why might one expect object files to contain semantic information about the objects that they represent? One reason is that the inclusion of such information is suggested by the framework of object file theory. Once an object file is created, a long-term recognition network is accessed to determine the object's identity, which can then be included in the file. If the node for that object within the network is activated, the nodes for related objects may also be activated. If so, it is possible that those objects too will be included in the object file. Even if the identities of related objects are not included in object files, one might expect that semantic features or category information might be included. In fact, Henderson (1994) posits a model of object file creation that explicitly includes a mechanism whereby semantic category information is included in object files, and he argues that any information about the object that is retrieved from longterm memory is a candidate for inclusion in the object file.
If it is true, as Henderson (1994) and Kahneman et al. (1992) have argued, that object files may include any information that is retrieved from long-term memory, then the hypothesis that object files contain semantic information hinges on the assumption that object recognition activates semantic information in long-term memory. There is much evidence to support this assumption, in experiments using both lexical and pictorial stimuli. For example, many researchers have demonstrated that the naming or classification of a word is facilitated by preview of a related word (e.g., Balota & Lorch, 1986; Meyer & Schvaneveldt, 1971) . Furthermore, there is some evidence that the activation of semantic information is an automatic consequence of word recognition (cf. Lesch & Pollatsek, 1993) . In fact, Underwood (1976) has argued that the meaning of a word is available preattentively. The evidence of semantic priming and of automatic semantic activation support the assumption that semantic information is available to be included in object files.
In sum, in Experiments 1-3, we investigated whether lexical identity is included in an object file that represents a word. In Experiment 4, we used a semantic priming task to determine whether such an object file also includes the identities of related items. In Experiment 5, we used synonyms as prime-target pairs to investigate whether the semantic features of an object are included in its object file. Finally, in Experiment 6, we tested whether information about the category to which an object belongs is stored in its object file.
EXPERIMENT 1
In the first experiment, we investigated whether lexical identity is stored in an object file. To test this, a lexical priming paradigm was used with a lexical decision task. Subjects viewed an initial display consisting of two preview words, one located above fixation and the other located below fixation. Each word was displayed within a rectangular frame. The words disappeared; then, a short time later, a single word or nonword target was displayed inside one of the frames. In the SO condition, the target was a repetition of one of the preview words, presented inside of the frame in which it had previously appeared. In the DO condition, the target was a repetition of one of the preview words, presented inside of the frame opposite the one in which it had previously appeared. In the NM condition, the target was a novel word. From this design, a distinction can be made between two types of preview benefits. A nonspecific preview benefit is the advantage in lexical decision time that results from previewing the target stimulus. Consistent with Kahneman et al. (1992) , we calculate this benefit as the difference between the NM and DO conditions. An object-specific preview benefit, on the other hand, is the advantage in lexical decision time that results from viewing the target stimulus within the same object in the preview and target displays. Object-specific preview effects, the RT difference between the SO and DO conditions, are of primary importance to the issue of the contents of an object file; if a significant object-specific preview benefit for lexical identity is found, that is evidence that lexical identity is included in an object file.
Method
Subjects. Twenty-four subjects participated in this experiment for course credit. All were undergraduate students at the University of Illinois at Urbana-Champaign who were naive about the purpose of the experiment. All subjects had either normal or corrected-tonormal vision and were native English speakers.
Stimuli. The stimuli consisted of 352 words and 72 nonwords. Twelve of the words were used as target items in the practice block, and 60 of the words were used as targets in the experimental block; preview items in the practice and experimental blocks were drawn from the 280 words that remained. Within a given experimental block, 200 words were used as preview items for the word and nonword trials; in the practice block, 40 words were used as preview items. The remainder of the preview items used were repetitions of target items. Each subject saw every target word exactly once. The words varied in length from three to eight letters. The preview words had a mean written frequency of 160 per million (SD ϭ 156), and the targets had a mean frequency of 183 per million (SD ϭ 316) (Francis & Kučera, 1982) . The words used are listed in Appendix A. The nonwords were taken from a set of legal nonwords published by Sereno (1991) , and they followed standard English rules of orthography and pronunciation. The nonwords used are listed in Appendix D. Each item was surrounded in the display by a rectangu-lar frame, which was intended to emphasize the existence of two unique objects within the display, and to provide spatiotemporal continuity between the preview and target displays.
Apparatus. The stimuli were presented on an NEC MultiSync 3FGx color monitor equipped with a monitor lens to reduce reflectance. The monitor had a refresh rate of 72 Hz. Stimulus presentation was controlled with a Gateway 2000 486 50-MHz computer with an SVGA graphics adapter. During the experiment, subjects were seated approximately 57 cm from the monitor screen. At this distance, the total display area subtended a visual angle of 26º horizontally and 19.7º vertically. The size of the stimuli ranged from 1º (for three-letter words) to 2.8º (for nine-letter words) horizontally. The height of each word was 0.6º of visual angle. The rectangular frame that surrounded each item subtended a visual angle of 3.2º horizontally and 1.2º vertically. Each stimulus item was centered within the rectangular frame. At the center of the display was a fixation cross which measured 0.5º high and 0.3º wide. One frame was located above the fixation cross, and the other was located below the fixation cross. The vertical distance from the center of the fixation cross to the center of each frame was 2.4º (in other words, the edge-to-edge separation of the frames was 3.6º).
The stimuli were presented in 640 ϫ 200 graphics mode, using a font which presents characters in an 8 ϫ 8 grid. The display background was white (luminance ϭ 66 cd/m 2 ), and the stimuli, frames, and fixation cross were drawn in dark gray (luminance ϭ 14 cd/m 2 ). The stimuli were written entirely in lowercase.
The subjects responded by pressing one of two microswitches that were held in either hand and connected to the computer via a digital input board.
Procedure. Figure 1 shows examples of displays used in Experiment 1. The subjects began each trial by fixating a small cross at the center of the screen, then depressing both switches at once. The rectangular frames were displayed for 500 msec; then one word appeared within each frame. The words remained visible for 1.5 sec; then they disappeared. The empty frames were displayed for an interstimulus interval of 250 msec; then a single word or nonword target was presented until the subject made a response. The subjects pressed the switch in their left hand if the target item was a nonword, and pressed the switch in their right hand if the target was a word. Lexical decision time was measured from the onset of the target display until one of the microswitches was pressed. The fixation cross and the rectangular frames were visible throughout the trial.
In this experiment and those that follow, subjects completed one block of 24 practice trials and one block of 120 experimental trials. In half of all the trials, the target was a nonword. Of particular interest were the trials in which the target was a word. These trials can be divided into three classes: SO, DO, and NM. In the SO trials, the target was a repetition of the preview item that had appeared within the same frame. In the DO trials, the target was a repetition of the preview item that had appeared in the other frame. In the NM condition, the item was a novel word.
Across subjects, each target item appeared equally often in each location (top or bottom frame) and in each condition (SO, DO, or NM). To achieve this counterbalanced design, six stimulus lists were created; the trial characteristics for each subject were specified by one of the lists. For this experiment, 4 subjects saw each of the lists. Within each list, each item occurred only once. The target items were the same in every list. The preview items and target lo- cation were varied across lists to change the condition in which the target occurred. Before analyzing the data, we eliminated trials in which a subject's RT differed by more than 2.5 SDs from his/her mean RT in that condition.
Because each target word appeared in each condition across subjects, we are able to report the results of separate analyses which treated subjects (F 1 ) and items (F 2 ) as random factors.
Results
Table 1 presents the mean RTs for correct trials and error rates in each of the three conditions of interest, for each possible target location. The analysis excludes the 1.0% of the trials that did not meet our criterion (described in the Method section). Repeated measures analyses of variance (ANOVAs) were performed on both RT data and error data.
The results of the RT ANOVA indicated a significant effect of condition, with mean RTs of 606, 639, and 718 msec in the SO, DO, and NM conditions, respectively [F 1 (2,46) ϭ 54.3, MS e ϭ 2,903, p < .001; F 2 (2,118) ϭ 59.5, MS e ϭ 7,171, p < .001]. Subjects also responded more quickly when the target appeared in the top frame (mean RT ϭ 617 msec) than when it appeared in the bottom frame (mean RT ϭ 691 msec) [F 1 (1,23) ϭ 21.0, MS e ϭ 9,259, p < .001; F 2 (1,59) ϭ 76.3, MS e ϭ 7,021, p < .001]. This result may reflect a bias for attention to be allocated to the top of a display, a bias that probably results from reading patterns. There was no significant interaction of condition and location [F 1 (2,46) ϭ 2.2, MS e ϭ 2,195, p > .10; F 2 (2,118) ϭ 1.7, MS e ϭ 7,112, p > .10].
The effects of primary interest in the present investigation were the nonspecific preview effect and the objectspecific preview effect. The nonspecific preview effect is defined by Kahneman et al. (1992) as the RT difference between the NM condition and the DO condition. This measures the benefit of previewing the target item, regardless of whether it maintains object continuity. Planned comparisons were performed to investigate the nature of these effects. In the present experiment, there was a significant nonspecific preview effect; subjects responded more slowly to a novel word (mean RT ϭ 718 msec) than to a word that had been previously viewed in a different frame (mean RT ϭ 639 msec) [F 1 (1,23) ϭ 50.5, MS e ϭ 2,903, p < .001; F 2 (1,59) ϭ 52.3, MS e ϭ 7,171, p < .001]. This suggests that subjects benefited from previewing the target item.
If lexical identity is included in the object files that represent the preview items, there should be an additional benefit of previewing the target item within the same frame. In fact, this was found to be the case. Planned comparisons indicated that subjects responded more quickly to a target that had been previewed within the same frame (mean RT ϭ 606 msec) than to a target that had been previewed within a different frame (mean RT ϭ 639 msec) [F 1 (1,23) ϭ 9.3, MS e ϭ 2,903, p < .01; F 2 (1,59) ϭ 11.9, MS e ϭ 7,171, p < .01].
The ANOVA performed on the error rates showed evidence of a significant effect of condition, with mean error rates of 1.7%, 2.9%, and 5.9% in the SO, DO, and NM conditions, respectively [F 1 (2,46) ϭ 4.7, MS e ϭ 0.005, p < .025; F 2 (2,118) ϭ 7.1, MS e ϭ 0.008, p < .005], but no effect of location [F 1 (1,23) < 1, MS e ϭ 0.003; F 2 (1,59) ϭ 1.1, MS e ϭ 0.006, p > .20]. There was no interaction of condition with location [F 1 (2,46) < 1, MS e ϭ 0.003; F 2 (2,118) < 1, MS e ϭ 0.008]. There was a marginally significant nonspecific preview benefit; subjects tended to be more accurate when they had previewed the target in a different frame (mean error rate ϭ 2.9%) than when the target was a novel stimulus (mean error rate ϭ 5.9%) [F 1 (1,23) ϭ 4.2, MS e ϭ 0.005, p ϭ .06; F 2 (1,59) ϭ 6.5, MS e ϭ 0.008, p < .025]. However, there was no objectspecific preview effect on error rates [F 1 (1,23) < 1, MS e ϭ 0.005; F 2 (1,59) ϭ 1.1, MS e ϭ 0.008, p > .20].
Discussion
The results of Experiment 1 offer clear support for the hypothesis that object identity is included in a newly constructed object file. In the preview display, subjects observed two distinct objects, the stimuli surrounded by frames. As attention was directed to each item, a separate object file was constructed to represent each item. In the target display, subjects observed a stimulus item that was either consistent or inconsistent with the item that had previously appeared in that position. A comparison was made between the current contents of the object file and its most recent occurrence. When they were consistent, as in the SO trials, a response could be made immediately. If, on the other hand, they were inconsistent, the existing object file was either radically modified or discarded altogether. As a result, RTs were faster in the SO condition than in the DO condition. The RT difference reflects the time required to construct a new object file or modify an existing file.
From the results reported above, it is not clear whether object identity is bound to particular objects, or whether it is instead bound to particular spatial locations. In Experiment 1, the objects remained fixed in space, so either (perhaps both) interpretation might be correct. In Experiment 2, we attempted to separate them by using stimuli that were not location bound.
EXPERIMENT 2
In Experiment 2, the frames in which the stimuli appeared were not fixed to one location within the display. Instead, they moved to new positions following the preview display. It was expected that this would address the issue of whether the difference between the SO and DO conditions in Experiment 1 really was an object-specific effect, or whether it could be more accurately labeled a location-specific effect. In other words, the benefit derived from previewing a stimulus within the same frame might be due to the inclusion of identity information within an object file, but it might also be due to an advantage of stimuli that remained in a fixed location. In the present experiment, stimuli never remained in a fixed location. If object-specific preview effects should be found, therefore, they could be attributed to the inclusion of object identity within an object file.
Method
Subjects. Twenty-four subjects each received $5 as payment for their participation.
Stimuli. The stimuli were the same as in Experiment 1. Apparatus. The apparatus was the same as in Experiment 1. Apparent motion of the frames was achieved by displaying 15 successive graphics pages. On each page, the frames were displaced by approximately 0.2º relative to the previous page. Each page was displayed for 14 msec. In the target display, the frames were presented to either side of the central fixation cross. The horizontal distance from the center of fixation to the center of each frame was 2.4º (the edge-to-edge separation of the frames in the target display was therefore 1.6º). On half of the trials, the frames appeared to move clockwise around the cross, and on the other half, the movement was counterclockwise. The path of movement was a straight line from the initial (preview) position to the final (target) position, as depicted in Figure 2 . The total displacement of each frame on every trial was 3.4º.
Procedure. Figure 2 shows examples of displays used in Experiment 2. Subjects initiated the trial by pressing both microswitches at once. A display consisting of empty frames above and below a fixation cross was presented for 500 msec, followed by presentation of a stimulus item within each frame for 1.5 sec. The stimuli disappeared; then the frames appeared to move either clockwise or counterclockwise until they were on either side of the fixation cross. The total time of this motion was 210 msec. After the boxes stopped moving, a target stimulus was presented within one of the frames, and it remained present until a response was made.
Clockwise and counterclockwise movement occurred on an equal number of trials. Movement direction was randomized within the experimental block. As in Experiment 1, counterbalancing was achieved by preparing six stimulus lists, so that each target appeared in each location and condition. As a result, 4 subjects saw each list.
Results
The mean RTs for correct trials and error rates for Experiment 2 are presented in Table 2 . These means exclude the 0.8% of the trials that failed to meet our crite- rion. Repeated measures ANOVAs were performed on the RT and error rate data.
The results of the RT ANOVA indicate a significant effect of condition, with mean RTs of 635, 656, and 721 msec for the SO, DO, and NM conditions, respectively [F 1 (2,46) ϭ 35.5, MS e ϭ 2,703, p < .001; F 2 (2,118) ϭ 19.1, MS e ϭ 11,499, p < .001]. There was no main effect of target location [F 1 (1,23) ϭ 1.9, MS e ϭ 4,794, p > .10; F 2 (1,59) ϭ 2.4, MS e ϭ 18,414, p > .10], and there was no interaction of condition and location [F 1 (2,46) ϭ 2.0, MS e ϭ 4,262, p > .10; F 2 (2,118) ϭ 1.1, MS e ϭ 10,162, p > .10]. In this experiment, location refers not to the location of the target stimulus within the target display, but to the position of the target frame within the preview display. In other words, "top" means that the target word appeared within the frame that had been at the top of the preview display; "bottom" means that the target frame had been at the bottom of the preview display.
As in Experiment 1, there was evidence of nonspecific preview effects on RT. Planned comparisons indicated that subjects responded more quickly when the target was a repetition of the DO preview item (mean RT ϭ 656 msec) than when it was a novel word (mean RT ϭ 721 msec) [F 1 (1,23) ϭ 37.2, MS e ϭ 2,703, p < .001; F 2 (1,59) ϭ 21.9, MS e ϭ 11,499, p < .001]. This suggests that subjects benefited from previewing the target item. However, the objectspecific effect was only marginally significant [F 1 (1,23) ϭ 4.0, MS e ϭ 2,703, p ϭ .065; F 2 (1,59) ϭ 1.3, MS e ϭ 11,499, p > .10].
The ANOVA performed on the error rates showed no effect of condition [F 1 (2,46) < 1, MS e ϭ 0.005; F 2 (2,118) < 1, MS e ϭ 0.015] or of location [F 1 (1,23) < 1, MS e ϭ 0.004, F 2 (1,59) < 1, MS e ϭ 0.011]. There was no interaction of condition with location [F 1 (2,46) < 1, MS e ϭ 0.004; F 2 (2,118) < 1, MS e ϭ 0.011].
Discussion
In Experiment 1, objects were stationary throughout the trial; as a result, the object-specific preview benefits that were observed could not be separated from locationspecific preview benefits. In the present experiment, the objects changed position between the preview and target display; as a result, any object-specific benefits can be attributed to the fact that the preview and target were presented within the same object. The results did not indicate a clear object-specific effect. However, there was a strong trend in the direction which would be predicted if object identity was included within object files. The reason that the effect was not statistically significant in this experiment may be that the effect was smaller in this case. In Experiment 1, the observed benefits may have reflected both object-specific and location-specific preview benefits. In the present experiment, the location-specific benefits were removed; what remained was the objectspecific benefit, which, though present, was somewhat weaker than the combined benefit of location and object invariance.
Another possible explanation for the fact that the objectspecific effects in Experiment 2 were only marginally significant is that the nature of the linking display required the subjects to engage in additional processing. In Experiment 1, the objects remained fixed during the linking display; in Experiment 2, the objects changed location. This required the subjects to track each object as it moved. Evidence suggests that object tracking involves short-term memory processes (Pylyshyn, 1989) . Given that object files are maintained within short-term memory, it is possible the increase in short-term memory load demanded by the tracking task reduced the number of object files that could be maintained. In other words, subjects may not have been able to maintain both object files throughout the experiment; this would have weakened the object-specific effect. This argument suggests that reducing short-term memory load should increase object-specific effects. In fact, this is consistent with a result reported by Kahneman et al. (1992) . Following the display, they provided subjects with a precue that indicated the object in which the target would be presented. This should presumably decrease short-term memory load, because subjects need track only one object during the linking display. The results indicated that providing subjects with a precue more than doubled the observed objectspecific effect. This is consistent with the argument that the results of the present experiment were weakened by the tracking task.
EXPERIMENT 3
The results of Experiments 1 and 2 are generally consistent with the argument that object files maintain an abstract identity code for the objects that they represent. However, an alternative explanation is that object files contain a detailed physical code for the objects that they represent, rather than an identity code. Because the sameidentity stimuli in the previous experiments were physically identical, the results were consistent with either explanation. In order to disentangle the benefits of maintaining the same identity code from the benefits of maintaining the same physical code, in Experiment 3 we manipulated the physical appearance of the preview and target words by changing the case in which they were printed. If object files contain an abstract code for identity, then changing the physical form of the word should not eliminate the object-specific preview benefit. However, if the object-or location-specific benefit observed in Experiments 1 and 2 was due to the storage of a detailed physical code for the object, the benefit should be reduced or eliminated when the physical appearance of the object changes.
Method
Subjects. Seventy-two subjects participated for course credit. Stimuli. The stimuli were the same as in Experiment 1, except that we varied the case in which the words were written.
Apparatus. The apparatus was the same as in Experiment 1. Procedure. The procedure was identical to that used in Experiment 1, except that we manipulated the case in which preview and target items were printed. In half of the trials in which the target had the same name as one of the preview words, the target and its samename preview word were printed in the same (either upper or lower) case; in the remaining trials, the word was printed in lowercase in one display and uppercase in the other display. In half of the samecase trials, both the target and its same-name preview word were printed in lowercase; in the other half of the same-case trials, both were printed in uppercase. In half of the different-case trials, the samename preview was printed in lowercase and the target was printed in uppercase; this was reversed in the remaining half of the differentcase trials. In all trials, one of the preview words was printed in uppercase and the other preview word was printed in lowercase. Between subjects, each target occurred equally often in each condition. To achieve this counterbalanced design, we created 24 stimulus lists (2 locations ϫ 3 conditions ϫ 2 preview cases ϫ 2 target cases); each list was presented to 3 subjects.
Results
Table 3 presents the mean RTs for correct trials and error rates in each of the three conditions of interest, for each possible target location and case type (same/different). These means exclude trials in which a subject's RT differed by more than 1.75 SDs from his/her mean RT in that condition. This criterion resulted in the exclusion of 0.9% of the trials. The criterion differed from that used in the other experiments reported here because there were fewer trials per condition for each subject. Repeated measures ANOVAs were performed on both RT data and error data.
The results of the response time ANOVA indicate a significant effect of condition, with mean RTs of 607, 624, and 703 msec in the SO, DO, and NM conditions, respectively [F 1 (2,142) ϭ 138.5, MS e ϭ 5,450, p < .001; F 2 (2,118) ϭ 96.5, MS e ϭ 6,311, p < .001]. There was also a main effect of location; subjects responded more quickly when the target appeared in the top frame (mean RT ϭ 604 msec) than when it appeared in the bottom frame (mean RT ϭ 685 msec) [F 1 (1,71) ϭ 100.5, MS e ϭ 13,995, p < .001; F 2 (1,59) ϭ 256.6, MS e ϭ 4,939, p < .001]. Subjects also responded more quickly when the target and same-name preview were written in the same case (mean RT ϭ 638 msec) than when they were written in a different case (mean RT ϭ 651 msec) [F(1,71) ϭ 6.0, MS e ϭ 5,776, p < .05], although this was not significant by items [F 2 (1,59) ϭ 3.3, MS e ϭ 4,999, p > .05]. There was a significant condition ϫ location interaction [F 1 (2,142) ϭ 3.4, MS e ϭ 6,950, p < .05; F 2 (2,118) ϭ 3.4, MS e ϭ 4,743, p < .05]; object-specific benefits and nonspecific benefits were larger for the bottom location than for the top location. There was no interaction of location and case [F 1 (1,71) ϭ 2.3, MS e ϭ 7,610, p > .10; F 2 (1,59) ϭ 1.3, MS e ϭ 4,747, p > .10]. The case ϫ condition interaction was significant by items [F 2 (2,118) ϭ 3.2, MS e ϭ 4,483, p < .05], but not by subjects [F 1 (2,142) ϭ 1.4, MS e ϭ 7,668, p > .10]. The nature of this interaction is described below. There was also no interaction of all three variables [F 1 (2,142) ϭ 2.5, MS e ϭ 6,039, p > .05; F 2 (2,118) ϭ 1.7, MS e ϭ 5,158, p > .10]. This result is important, because it suggests that the preview benefits obtained in Experiment 3 were not affected by changes in the physical form of the stimuli.
We were most interested in calculating the objectspecific and nonspecific preview effects and in determining how they were affected by changes in physical form. In Experiment 3, there was a significant nonspecific preview effect; subjects responded more slowly to a novel word (mean RT ϭ 703 msec) than to a word that had been viewed previously in a different frame (mean RT ϭ 624 msec) [F 1 (1,71) ϭ 164.7, MS e ϭ 5,450, p < .001; F 2 (1,59) ϭ 138.1, MS e ϭ 6,311, p < .001]. This suggests that subjects benefited from previewing the target item. This nonspecific benefit did not interact with case [F 1 (1,71) ϭ 2.4, MS e ϭ 7,668, p > .10], except in the items analyses [F 2 (1,59) ϭ 6.2, MS e ϭ 4,483, p < .025]. This interaction is apparently the main component of the condition ϫ case interaction reported previously. The nonspecific effect was larger in the same-case condition (90 msec) than in the different-case condition (67 msec), though both were significant.
In addition to nonspecific benefits, we also found evidence of object-specific preview benefits. Planned comparisons indicated that subjects responded more quickly to a target that had been previewed within the same frame Using the error term for the interaction from the subjects' analysis, the 95% confidence interval for this comparison was 4±29 msec. This result shows that objectspecific preview benefits persist even when the physical form of the stimulus changes. The ANOVA performed on the error rates showed evidence of a significant effect of condition, with mean error rates of 1.4%, 2.5%, and 4.2% in the SO, DO, and NM conditions, respectively [F 1 (2,142) ϭ 8.5, MS e ϭ 0.006, p < .001; F 2 (2,118) ϭ 10.6, MS e ϭ 0.004, p < .001]. Subjects were also more accurate when the target appeared in the top frame (mean error rate ϭ 2.1%) than when it appeared in the bottom frame (mean error rate ϭ 3.3%) [ 
Discussion
The results of Experiments 1 and 2 suggested that object identity was included in object files. However, a second possibility was that only a detailed physical description of each preview object was included in its object file. In Experiment 3, we found that changing the physical characteristics of the object between the preview and target displays did not eliminate, or even reduce, the objector location-specific effects. This suggests that object files maintain abstract identity information about the objects that they represent.
EXPERIMENT 4
In Experiment 4, a semantic priming paradigm was used to determine whether information about items that are semantically related to a presented object is included in its object file. For example, if subjects view the word dog, an object file would be created to include the concept dog. However, it may also include related concepts, such as cat. If this is the case, RTs should be faster if the target word cat is presented within the same object as the preview word dog than if it is presented within a different object, or if unrelated preview stimuli are presented. Therefore, object-specific preview benefits in Experiment 4 would be evidence of the existence of semantic information within an object file, as suggested by Kahneman et al. (1992) .
Method
Subjects. Twenty-four subjects received $5 as payment for their participation.
Stimuli. The stimuli consisted of 420 words and 72 nonwords. The words included the 352 words used in Experiment 1, plus an additional 68 words that were related to the targets used. The additional words allowed us to form 60 related preview-target pairs which were available for the experimental block, and 8 related previewtarget pairs in the practice block (only 8 related pairs were required for the practice block, because only eight of the practice trials were SO or DO trials). These words had been determined to be very closely related in previous research (Balota & Lorch, 1986; Fischler, 1977; Lupker, 1984; Palermo & Jenkins, 1964) . The mean frequency of the preview words was 147 per million (SD ϭ 172), and the mean frequency of the target words was 183 per million (SD ϭ 316) (Francis & Kučera, 1982) . Each subject saw every target item exactly once. Across subjects, each target item appeared in every condition and location. To achieve this design, six stimulus lists were created, each of which specified the condition and location for every target item, as well as the preview items for that target. Each list was therefore presented to 4 subjects. For the SO and DO conditions, the preview items consisted of a word that was semantically related to the target and a word that was unrelated to the target and the other preview item. For the NM condition, the preview items were two words that were unrelated to each other and to the target item. The word stimuli are listed in Appendix A.
Apparatus. The apparatus was the same as in Experiment 1. Procedure. Figure 3 shows examples of displays used in Experiment 4. The procedure was the same as in Experiment 1.
As before, there were three conditions for the word trials. In the SO condition, the target word was related to the preview word that had been displayed in the same frame. In the DO condition, the target word was related to the preview word that had previously been displayed in the other frame. In the NM condition, the target item was an unrelated word.
Results
The mean RTs for correct trials and error rates for Experiment 4 are presented in Table 4 . These means exclude the 1.0% of the trials that failed to meet our criterion. Repeated measures ANOVAs were performed on the RT and error rate data.
The response time ANOVA indicated a marginally significant effect of condition, with mean RTs of 681, 673, and 698 msec in the SO, DO, and NM conditions, respectively [F 1 (2,46) ϭ 2.8, MS e ϭ 2,657, p < .10; F 2 (2,118) ϭ 1.9, MS e ϭ 10,164, p > .10]. Mean RTs were significantly faster when the target appeared in the top frame (mean RT ϭ 633 msec) than in the bottom frame (mean RT ϭ 735 msec) [F 1 (1,23) ϭ 94.8, MS e ϭ 3,981, p < .001; F 2 (1,59) ϭ 87.3, MS e ϭ 11,611, p < .001]. There was no interaction between condition and location [F 1 (2,46) ϭ 2.3, MS e ϭ 3,053, p > .10; F 2 (2,118) ϭ 1.9, MS e ϭ 9,325, p > .10].
Of primary interest, of course, was whether or not object-specific and nonspecific preview effects would be found. As in previous experiments, there was evidence of a nonspecific preview benefit. Subjects responded more quickly when the target word was related to the preview word in the opposite frame (mean RT ϭ 673 msec) than they did when the target word was unrelated to either preview word (mean RT ϭ 698 msec) [F 1 (1,23) ϭ 5.4, MS e ϭ 2,657, p < .05; F 2 (1,59) ϭ 3.6, MS e ϭ 10,164, p < .10]. This suggests that previewing a related word facilitated responding to a target word. In other words, this result confirms that semantic priming occurred in the experiment. However, there was no object-specific preview benefit; in fact, subjects responded more quickly in the DO condition (mean RT ϭ 673 msec) than in the SO condition (mean RT ϭ 681 msec), although this effect did not approach significance [F 1 (1,23) < 1, MS e ϭ 2,657; F 2 (1,59) < 1, MS e ϭ 10,164]. The 95% confidence interval for this comparison was 8±22 msec.
The results of the error rate ANOVA indicated a marginally significant effect of condition [F 1 (2,46) ϭ 2.5, MS e ϭ 0.003, p < .10; F 2 (2,118) ϭ 2.3, MS e ϭ 0.008, p > .10], with error rates of 3.8%, 3%, and 5.5% in the SO, DO, and NM conditions, respectively. There was no main effect of location [F 1 (1,23) < 1, MS e ϭ 0.005; F 2 (1,59) < 1, MS e ϭ 0.01]. There was a marginal interaction of condition ϫ location [F 1 (2,46) ϭ 2.6, MS e ϭ 0.003, p < .10; F 2 (2,118) ϭ 2.0, MS e ϭ 0.009, p > .10]. The nature of this interaction was that subjects tended to be more accurate in the SO condition on those trials in which the target appeared in the bottom frame (mean error rate ϭ 2.5%) rather than the top frame (mean error rate ϭ 5.0%), and they tended to be more accurate in the DO condition when the target appeared in the top frame (mean error rate ϭ 2.1%) rather than the bottom frame (mean error rate ϭ 3.8%). In both the DO top condition and the SO bottom condition, the relevant preview word appeared in the bottom frame. Thus this interaction sug- gests that subjects may have benefited from the bottom preview word more than from the top preview word, perhaps because they adopted a viewing strategy in which they read the bottom word last. As with the RT ANOVA, there was evidence of a nonspecific preview effect on error rates. Subjects made fewer errors when the target word was related to the preview word in the opposite frame (mean error rate ϭ 3.0%) than when it was an unrelated word (mean error rate ϭ 5.5%) [F 1 (1,23) ϭ 5.0, MS e ϭ 0.003, p < .05; F 2 (1,59) ϭ 4.7, MS e ϭ 0.008, p < .05]. However, there was no evidence of an object-specific preview benefit. Subjects actually tended to be more accurate in the DO condition (mean error rate ϭ 3.0%) than in the SO condition (mean error rate ϭ 3.8%), although this difference was not significant [F 1 (1,23) < 1, MS e ϭ 0.003; F 2 (1,59) < 1, MS e ϭ 0.008].
Discussion
Experiments 1-3 provided evidence that object files include information about object identity. The purpose of Experiment 4 was to determine whether object files also include the identities of related objects. There was evidence of general semantic priming; subjects responded more quickly and more accurately when the target word was related to one of the words in the preview display. However, there was no evidence that semantic information was bound to a particular object or location. Subjects responded equally quickly and accurately in the sameand different-object conditions. This result strongly suggests that this type of semantic information is not included in the object files that were created when subjects viewed the preview display.
However, this does not preclude the possibility that other types of semantic information may be included in object files. It may not be particularly useful to represent related items in a file for an object; it is more compelling to suppose that information about the semantic features of an object is included in its file. Some of the paired associates in Experiment 4 (e.g., tea and coffee) shared semantic features, but others (e.g., leaf and rake) did not. In our next experiment, we tested for the presence of information about the semantic features of an object in its object file.
EXPERIMENT 5
In Experiment 5, the preview-target pairs were synonyms, which by definition share many semantic features. If semantic features are included in an object file, lexical decision to a word should be faster if its synonym, with which it shares semantic features, is presented within the same frame in the preview display, than if it is presented in the opposite frame.
Method
Subjects. Twenty-four subjects participated for course credit. Stimuli. The stimuli consisted of 360 words and 72 nonwords. The words included 68 synonym pairs (60 for the experimental trials and 8 for practice trials) that had previously been shown to have a high degree of similarity (Whitten, Suter, & Frank, 1979) . The target words had a mean frequency of 143 per million (SD ϭ 147), and the preview words had a mean frequency of 126 per million (SD ϭ 142) (Francis & Kučera, 1982) . As in Experiment 4, each subject saw each target exactly once. Across subjects, each target appeared in every condition and location. To achieve this design, six stimulus lists were created, as in Experiment 4; each list specified the condition and location for every target item, as well as the preview items for that target. Each list was presented to 4 subjects. For the SO and DO conditions, the preview items consisted of a word that was synonymous with the target and a word that was not synonymous with either the target word or the other preview word. For the NM condition, the preview items were 2 words that were not synonymous with each other or with the target word. The synonym pairs used are listed in Appendix B.
Apparatus. The apparatus was the same as in Experiment 1. Procedure. Examples of displays used in Experiment 5 are shown in Figure 4 . The procedure was the same as in Experiment 1.
As in previous experiments, there were three conditions for the word trials. In the SO condition, the target word was synonymous with the preview word that had been displayed in the same frame. In the DO condition, the target word was synonymous with the preview word that had previously been displayed in the other frame. In the NM condition, the target word was not synonymous with either preview word.
Results
The mean RTs for correct trials and error rates for Experiment 5 are presented in Table 5 . These means exclude the 0.5% of the trials that failed to meet our criterion. Repeated measures ANOVAs were performed on the RT and error rate data.
The RT ANOVA indicated a significant effect of condition, with mean RTs of 676, 662, and 688 msec in the SO, DO, and NM conditions, respectively [F 1 (2,46) ϭ 3.6, MS e ϭ 2,252, p < .05; F 2 (2,118) ϭ 2.5, MS e ϭ 7,282, p < .10]. As was the case in previous experiments, there was a main effect of location; subjects responded more quickly when the target was presented in the top frame (mean RT ϭ 636 msec) than when it was presented in the bottom frame (mean RT ϭ 714 msec) [F 1 (1,23) ϭ 31.1, MS e ϭ 7,030, p < .001; F 2 (1,59) ϭ 78.3, MS e ϭ 7,036, p < .001]. Condition and location did not interact [F 1 (2,46) < 1, MS e ϭ 2,506; F 2 (2,118) < 1, MS e ϭ 9,713].
We were primarily interested in whether or not we would find evidence of nonspecific and object-specific preview effects. Consistent with the previous experiments, there was significant nonspecific priming: subjects responded more quickly when the target word was synonymous with the preview word in the opposite frame (mean RT ϭ 662 msec) than they did when the target word was not synonymous with either preview word (mean RT ϭ 688 msec) [F 1 (1,23) ϭ 7.2, MS e ϭ 2,252, p < .05], although this effect was not significant by items [F 2 (1,59) ϭ 2.0, MS e ϭ 7,282, p > .10]. This confirms that subjects did benefit from previewing a word that was synonymous with the target word. However, there was no objectspecific preview benefit; in fact, as in Experiment 4, subjects responded more quickly in the DO condition (mean RT ϭ 662 msec) than in the SO condition (mean RT ϭ 676 msec), although this effect did not approach significance [F 1 (1,23) ϭ 2.0, MS e ϭ 2,252, p > .10; F 2 (1,59) < 1, MS e ϭ 7,282]. The 95% confidence interval for this comparison was 14±20 msec.
The results of the error rate ANOVA indicated no significant effects of any of the experimental manipulations. There was no main effect of condition [F 1 (2,46) ϭ 1.2, MS e ϭ 0.003, p > .30; F 2 (2,118) < 1, MS e ϭ 0.011] or of location [F 1 (1,23) ϭ 2.4, MS e ϭ 0.003, p > .10; F 2 (1,59) ϭ 2.3, MS e ϭ 0.009, p > .10], and these variables did not interact [F 1 (2,46) ϭ 2.5, MS e ϭ 0.003, p > .05; F 2 (2,118) ϭ 2.6, MS e ϭ 0.007, p > .05]. Planned comparisons indicated that there was no object-specific preview effect [F 1 (1,23) < 1, MS e ϭ 0.003; F 2 (1,59) < 1, MS e ϭ 0.011] or nonspecific preview effect [F 1 (1,23) < 1, MS e ϭ 0.003; F 2 (1,59) < 1, MS e ϭ 0.011] on error rates.
Discussion
The results from Experiment 5 suggest that information about the semantic features of an object are not included in its object file. This, along with the results of Experiment 4, provides support for the argument that semantic information in general is not included in object files. To provide further support, we next tested whether information about the category to which an object belongs may be included in its object file.
EXPERIMENT 6
In Experiment 6, the preview display on each trial consisted of two words (e.g., iron and robin), and the target display contained a single category name (e.g., metal). The subjects' task was to indicate whether or not either preview word was a member of the target category. If information about the category to which each preview word belongs is included in its object file, we should find evidence of object-specific preview benefits, because the target category should be identified more quickly when it appears in the same frame as one of its exemplars than when it appears in a different frame. We also varied the typicality of the preview word. For example, if the target word was bird, a preview word might be a typical (e.g., robin) or an atypical (e.g., penguin) exemplar of that cat- egory. We reasoned that, if there was any advantage to previewing a category member before responding to the category, RTs should be faster when the preview word was a typical exemplar than when it was an atypical exemplar (Collins & Quillian, 1969) . This manipulation therefore allowed us to test for the presence of a general priming effect.
Method
Subjects. There were 40 subjects, who participated for course credit.
Stimuli. The stimuli consisted of 420 words. Those included 72 target categories (60 for the experimental block, plus 12 for the practice block), plus a typical and an atypical exemplar of each. The categories and exemplars were selected from previously established norms of typicality (Battig & Montague, 1969; Shapiro & Palermo, 1970) . The remaining 204 words were filler words, used to construct the preview displays. The mean written frequency was 124 per million (SD ϭ 229) for the target categories, 141 per million (SD ϭ 457) for the typical preview word, and 15 per million (SD ϭ 34) for the atypical preview word (Francis & Kučera, 1982) . Each subject saw each target category exactly twice. Across subjects, each target appeared with each exemplar in every condition and location. To achieve this design, eight stimulus lists were created; each list specified the condition and location for every target item, as well as the preview items for that target. Each list was therefore presented to 5 subjects.
For the SO and DO conditions, the preview items consisted of one exemplar of the target category and one word that was not an exemplar of any target category, but that was a plausible exemplar (i.e., the preview word was an exemplar of a category not included in the experiment). For the NM condition, the preview items were two words that were not members of any target categories used in the experiment. Because, across subjects, each target category occurred in every condition, the target in the NM trials was always a name of a category. For some lists, a given category was preceded by a different one of its exemplars both times it was presented (SO or DO trials); for other lists, it was preceded by one of its exemplars for one presentation (SO or DO), but it was not preceded by either of its exemplars for the other presentation (NM); for the remaining lists, the category was never preceded by one of its exemplars (NM). For each list, there was an equal number of target categories appearing in each condition. The word stimuli are listed in Appendix C.
Apparatus. The apparatus was the same as in Experiment 1. Procedure. Examples of displays used in Experiment 6 are shown in Figure 5 . The procedure was similar to that of the previous experiments, except that rather than presenting a word or nonword for lexical decision, a single category name was presented until a response was made. The subject's task was to press one microswitch if either preview word was a member of the target category, and the other microswitch if neither was a member.
As in the previous experiments, there were three main conditions. In the SO condition, the preview word that was presented in the same frame as the target category was a member of that category. In the DO condition, the preview word that was presented in the other frame was a member of the target category. In the NM condition, neither preview word was a member of the target category. Note that, in this experiment, correct performance in the NM condition requires a negative response, whereas correct performance in the other conditions requires a positive response. For this reason, it was not meaningful to compare RTs between the NM and DO conditions as a measure of nonspecific preview effects. So, as mentioned in the introduction to this experiment, to measure this general priming we used typical and atypical exemplars as preview words for each target category. For example, on a trial in which the target category was bird, the preview word could be either robin (a typical exemplar) or penguin (an atypical exemplar).
Results
The mean RTs for correct trials and error rates for Experiment 6 are presented in Table 6 . These means exclude the 1.8% of the trials that failed to meet our criterion. Repeated measures ANOVAs were performed on the RT and error rate data.
The RT ANOVA indicated no reliable effect of condition, with mean RTs of 861 and 873 msec in the SO and DO conditions, respectively [F 1 (1,39) ϭ 1.2, MS e ϭ 8,328, p > .25; F 2 (1,118) < 1, MS e ϭ 41,237]. The 95% confidence interval for this comparison was 12±29 msec. Thus it appears that there was no reliable object-or location-specific preview benefit in this experiment. There was a main effect of location; subjects responded more quickly when the target was presented in the top frame (mean RT ϭ 831 msec) than when it was presented in the bottom frame (mean RT ϭ 902 msec) [F 1 (1,39) ϭ 44.1, MS e ϭ 9,160, p < .001; F 2 (1,118) ϭ 15.1, MS e ϭ 36,024, p < .001]. There was also a main effect of the typicality of the priming word: subjects responded more quickly when the preview word was a typical member of the target category (mean RT ϭ 824 msec) than when it was less typical of the target category (mean RT ϭ 909 msec) [F 1 (1,39) ϭ 29.5, MS e ϭ 19,503, p < .001; F 2 (1,118) ϭ 9.2, MS e ϭ 80,644, p < .005]. This suggests that subjects were deriving some nonspecific benefit from the preview of a member of the target category. There were no interactions either between condition and location [F 1 (1,39) The results of the error rate ANOVA were generally consistent with the RT analyses. There was no main effect of condition [F 1 (1,39) ϭ 2.3, MS e ϭ 0.013, p > .10; F 2 (1,118) ϭ 3.1, MS e ϭ 0.014, p > .05] or of location [F 1 (1,39) < 1, MS e ϭ 0.011; F 2 (1,118) ϭ 1.0, MS e ϭ 0.014, p > .30], but there was an effect of the typicality of the preview word, with mean error rates of 5.6% and 14.4% in the typical and atypical preview conditions, respectively [F 1 (1,39) ϭ 44.8, MS e ϭ 0.014, p < .001; F 2 (1,118) ϭ 14.1, MS e ϭ 0.065, p < .001]. There was a significant condition by location interaction; subjects were more accurate in the DO condition when the target appeared in the top frame (mean error rate ϭ 9.0%) than in the bottom frame (mean error rate ϭ 10.1%), and they were more accurate in the SO condition when the target appeared in the bottom frame (mean error rate ϭ 8.1%) than in the top frame (mean error rate ϭ 13.0%) [F 1 (1,39) ϭ 6.8, MS e ϭ 0.011, p < .05; F 2 (1,118) ϭ 5.7, MS e ϭ 0.018, p < .05]. This interaction is similar to that observed in the error rates for Experiment 4. As in Experiment 4, we suggest that the interaction may reflect a viewing strategy in which subjects read the bottom word last. None of the other interactions was significant (all Fs < 1).
Discussion
If information about the category to which an object belongs is included in its object file, we would expect to find object-specific preview benefits in responses made to a target category; however, no evidence of such a benefit was found in Experiment 6. This is despite the fact that the task demands required subjects to attend to the category to which each preview item belonged, and despite the fact that we found evidence of nonspecific preview benefits. Thus it appears that information about category membership is not included in object files.
GENERAL DISCUSSION
The purpose of the present investigation was to identify whether certain types of information about an object are included in its object file. Treisman and her colleagues have suggested that all information that defines an object is included in its object file, including identity and meaning. In the experiments described here, we used a priming paradigm to test for the presence of specific types of information in object files. The logic was this: if some aspect of an object is included in its object file, subjects should be primed to respond to that aspect for that object. In Experiments 1 and 2, subjects responded to a target item that was identical to the word that had been previewed within the same object, previewed within another object, or not previewed at all. If the identity of the word was included in its object file, subjects should have responded more quickly to it when it was identical to the SO preview than when it was identical to the DO preview. In fact, this is what was found, providing evidence that information about object identity is included in object files. It should be noted, however, that the object-specific effects observed in Experiment 2 (in which the objects changed location during the linking display) were only marginal; it is likely that the effects we reported in Experiment 1 reflected both an object-specific advantage and a location-specific advantage.
Although the results of Experiments 1 and 2 suggested that object files include identity information, an alternative explanation was that the physical form, and not the identity, of the preview objects was being stored in their object files, and that the location-specific or objectspecific preview effects we observed were the result of shape consistency, not identity consistency, between the two displays. In Experiment 3, we reduced the form similarity between the preview and target displays by changing the case in which the items were printed. The results indicated that changing the physical form of the stimuli did not eliminate, or even reduce, the object-or locationspecific preview benefit. This supports the argument that object files contain an abstract identity code for the objects that they represent.
In Experiment 4, the target item was no longer identical in name to a preview item, but instead could be related to the SO preview word, related to the DO preview word, or unrelated to either preview word. The logic here was the same as in the previous experiments: if related items are also included in object files, subjects should respond more quickly to related words that are presented within the same object than to those that are presented within another object. This is not the pattern of results that was obtained, however. Mean RTs did not differ between the SO and DO conditions. This suggests that one type of semantic information-namely, information about related words or objects-is not included in an object file that represents a word.
In Experiment 5, we tested whether information about the semantic features of an object is included in its object file. To test this, we used synonyms as prime-target pairs. Synonyms share semantic features; thus, if semantic features are stored in an object file that represents a word, response latencies should be shorter when subjects preview a synonymous word in the same frame than when they preview it within a different frame. However, the results suggested that semantic features are not stored in object files; RTs did not differ between the same-and different-object conditions, despite the fact that subjects did benefit from nonspecific priming.
It is interesting to note that in both Experiments 4 and 5 there was a nonsignificant trend for subjects to respond more quickly in the DO condition than in the SO condition, counter to expectation. Although the effect was not statistically significant, it is interesting that it was present in both experiments, and also in other experiments, not reported here, in which we have tested for the presence of semantic information in object files. This consistent result may reflect a weak inhibitory component in the storage of information in object files, a suggestion that we are following up on in our laboratory.
Finally, in Experiment 6, we tested for the presence in object files of information about the category to which an object belongs. In addition to testing for category information, this experiment also required subjects to attend to the words in the preview display, because accurate task performance required integrating information in the preview and target displays. If attention to some feature of an object is a necessary precursor to its being included in an object file, we should expect to find evidence for category information in object files. However, despite the fact that subjects were consciously attending to the category to which each preview item belonged, there was no evidence that this information was being stored in object files.
One result that was consistently obtained in the experiments was an advantage in RT and error rate when the target word was presented in the top location. We have attributed this result to a bias to attend to the top location in the target display, a bias that may result from typical reading behavior. Although this result was obtained for nearly every condition in every experiment, it was not found for the error rates in Experiments 4 and 6. In those experiments, subjects were more accurate when the target appeared in the bottom location in the SO condition, and in the top location in the DO condition. We suggested that in this case, subjects were more accurate when the target was a repetition of the bottom preview word, perhaps because they previewed that word last; thus, in this case, performance accuracy seems to have been driven by an advantage of one preview location over the other. However, aside from those two exceptions, performance in these experiments cannot be attributed to an advantage of one preview location over another in influencing processing; rather, as predicted by object file theory, performance seems to be attributable to an advantage when the location of the target matches its location within the preview display.
Overall, then, these results suggest that information about the identity of objects is stored in object files, but at least three types of semantic information (related concepts, semantic features, and category membership) are not. Moreover, the results of Experiment 3 suggest that identity is stored as an abstract description of the object.
Object files have become popular as a way of describing the episodic representations of objects that are important for maintaining object continuity across change. However, very little has been written about what information is actually stored as part of this representation. In the present investigation, we have argued that some types of semantic information are not stored in object files, and we have suggested some types of physical or abstract information that may be included. Without a description of the nature of the object file representation itself, object files are little more than a convenient way of describing an interesting result. If the nature of what is stored is un-derstood, we will have gained better insight into the nature of object perception and representation.
APPENDIX A List of Word Stimuli Used in the Experimental Block of Experiments 1-4
Note: The replacement word replaces Preview 2 (the related preview item) on the no-match trials. In Experiments 1 and 2, Preview 2 was a repetition of the target word. The Preview 2 words listed here are for Experiment 4. 
